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Wklv Gudiw= Mdqxdu| 7/ 5333
Devwudfw
Lq wklv sdshu/ zh sursrvh wzr fodvvhv ri whvw vwdwlvwlfv iru ghwhfwlqj d euhdn dw dq xqnqrzq gdwh lq
sdqho gdwd prghov zlwk wlph wuhqg1 Wkh uvw rqh lv wkh  xfwxdwlrq whvw ri Sorehujhu0Nudphu0Nrqwuxv
+4<;<,1 Wkh vhfrqg rqh lv edvhg rq wkh phdq dqg h{srqhqwldo Zdog vwdwlvwlfv ri Dqguhz dqg Sorehujhu
+4<<7, dqg pd{lpxp Zdog vwdwlvwlf ri Dqguhz +4<<6,1 Zh ghulyh wkh olplwlqj glvwulexwlrqv ri wkh
sursrvhg whvwv dqg wdexodwh wkh fulwlfdo ydoxhv1 Dv|pswrwlf uhvxowv zhuh ghulyhg UEf/ UE dqg qhduo|
UE huuru whupv1 Zh dovr vkrz wkdw wkhvh whvwv kdyh qrq0wulyldo orfdo srzhu rqo| zkhq wkh huuru whupv
duh UEf1
4 Lqwurgxfwlrq
Whvwlqj iru vwuxfwxudo fkdqjhv kdv ehhq dq lpsruwdqw uhvhdufk wrslf lq qrqvwdwlrqdu| wlph vhulhv hfrqrphwulfv1
Uhfhqw lvvxhv ri wkh Mrxuqdo ri Exvlqhvv dqg Vwdwlvwlfv dqg Mrxuqdo ri Hfrqrphwulfv duh ghyrwhg wr vxfk
vwxglhv/ h1j1/ Fkx dqg Zklwh +4<<5,> Kdqvhq +4<<5,> Juhjru| dqg Kdqvhq +4<<9,> Fdpsrv/ Hulfvvrq dqg
Khqgu| +4<<9,1 Ndr dqg Urvv +4<<8, h{whqghg wkh g|qdplf fxpxodwlyh vxp +FXVXP, whvw ri Nudphu/
Sorehujhu dqg Dow +4<;;, wr wkh prgho zkhuh vhuldo fruuhodwlrq lv suhvhqw1 Qrqh ri wkhvh sdshuv kdv orrnhg
dw wkh whvwv lq wkh frqwh{w ri wkh sdqho gdwd h{fhsw Kdq dqg Sdun +4<;<, dqg Kdqvhq +4<<<,1 Kdq dqg Sdun
+4<;<, sursrvhg d FXVXP dqg d FXVXP ri vtxduhv whvwv iru sdqho gdwd prghov1 Kdqvhq +4<<<, ghyhorshg
phwkrgv iru whvwlqj wkh wkuhvkrog hhfwv lq sdqho gdwd1 Lq d uhfhqw sdshu/ wkrxjk qrw d sdqho frqwh{w/ Edl/
Oxpvgdlqh dqg Vwrfn +4<<;, ghyhorshg phwkrgv iru whvwlqj dqg frqvwuxfwlqj dv|pswrwlfdoo| ydolg frqghqfh
lqwhuydov iru wkh gdwh ri d vlqjoh euhdn lq pxowlyduldwh wlph vhulhv/ lqfoxglqj L+3,/ L+4, dqg ghwhuplqlvwlfdoo|
wuhqglqj uhjuhvvruv1 Wkh| vkrzhg wkhuh duh vxevwdqwldo jdlqv e| xvlqj pxowlyduldwh wlph vhulhv zklfk kdyh d
frpprq euhdn gdwh1
WDq hohfwurqlf yhuvlrq ri wkh sdshu lq srvwvfulsw irupdw fdq eh uhwulhyhg iurp kwws=22zhe1v|u1hgx2fgndr1 Jdxvv surjudpv
zklfk uhsolfdwh wkh Prqwh Fduor vwxglhv duh dovr dydlodeoh wklv zhevlwh1 Dgguhvv fruuhvsrqghqfh wr= Fklkzd Ndr/ Fhqwhu iru
Srolf| Uhvhdufk/ 759 Hjjhuv Kdoo/ V|udfxvh Xqlyhuvlw|/ V|udfxvh/ Q\ 4657704353> h0pdlo= fgndrCpd{zhoo1v|u1hgx1
4
Wklv sdshu lv d uvw vwhs lq xqghuvwdqglqj krz wr whvw iru vwuxfwxudo fkdqjhv zkhq qrqvwdwlrqdu| sdqho
gdwd lv ehlqj xvhg1 Lq wklv sdshu/ zh sursrvh wzr fodvvhv ri whvw vwdwlvwlfv iru ghwhfwlqj d euhdn dw dq xqnqrzq
gdwh lq sdqho gdwd prghov zlwk wlph wuhqg1 Wkh uvw rqh lv wkh  xfwxdwlrq whvw ri Sorehujhu0Nudphu0Nrqwuxv
+4<;<,1 Wkh vhfrqg rqh lv edvhg rq wkh phdq dqg h{srqhqwldo Zdog vwdwlvwlfv ri Dqguhz dqg Sorehujhu +4<<7,
dqg pd{lpxp Zdog vwdwlvwlf ri Dqguhz +4<<6,1 Zh ghulyh wkh olplwlqj glvwulexwlrqv ri wkh sursrvhg whvwv
dqg wdexodwh wkh fulwlfdo ydoxhv1 Dv|pswrwlf uhvxowv zhuh ghulyhg iru L+3,/ L+4, dqg qhduo| L+4, huuru whupv1
Zh dovr vkrz wkdw wkhvh whvwv kdyh qrq0wulyldo orfdo srzhu rqo| zkhq wkh huuru whupv duh L+3,1
Wklv sdshu frqwulexwhv wr wkh olwhudwxuh ri whvwlqj iru vwuxfwxudo fkdqjhv lq wzr zd|v1 Iluvw/ zh h{whqg
wkh  xfwxdwlrqv whvwv ri Fkx dqg Zklwh +4<<5, dqg Zdog whvwv ri Yrjhovdqj +4<<:, wr sdqho prghov1 Vhfrqg/
lw surylghv d vhulrxv vwxg| ri wkh qlwh vdpsoh surshuwlhv ri wkh sursrvhg whvwv1
Wkh rujdql}dwlrq ri wkh sdshu lv dv iroorzv1 Vhfwlrq 5 lqwurgxfhv wkh prgho dqg whvw vwdwlvwlfv1 Wkh
olplwlqj glvwulexwlrqv ri wkh sursrvhg whvw vwdwlvwlfv zlwk dq L+3, huuru whup xqghu wkh qxoo k|srwkhvlv duh
hvwdeolvkhg1 Vhfwlrq 6 jlyhv wkh olplwlqj glvwulexwlrqv ri wkh whvw vwdwlvwlfv xqghu wkh qxoo k|srwkhvlv zlwk
dq L+4, huuru whup1 Lq Vhfwlrq 7/ zh glvfxvv wkh olplwlqj glvwulexwlrqv ri wkh whvw vwdwlvwlfv xqghu wkh qxoo
k|srwkhvlv zkhq wkh huuru lv qhduo| L+4,1 Vhfwlrq 8 hvwdeolvkhv wkh olplwlqj glvwulexwlrqv ri whvw vwdwlvwlfv
xqghu orfdo dowhuqdwlyhv1 Lq vhfwlrq 9 zh ghulyh wkh olplwlqj glvwulexwlrqv ri wkh whvw vwdwlvwlfv xqghu erwk
wkh qxoo k|srwkhvlv dqg wkh orfdo dowhuqdwlyhv iru d sro|qrpldo wuhqg prgho1 Lq Vhfwlrq : zh vxppdul}h wkh
qglqjv1 Doo surriv duh lq wkh Dsshqgl{1
D zrug rq qrwdwlrq1 Zh xvh g$ wr ghqrwh frqyhujhqfh lq glvwulexwlrq/ s$ wr ghqrwh frqyhujhqfh lq
suredelolw|/ ^{` wr ghqrwh wkh odujhvw lqwhjhu  {/ dqg L+3, dqg L+4, wr vljqli| d wlph vhulhv wkdw lv lqwhjudwhg
ri rughu }hur dqg rqh/ uhvshfwlyho|1
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